
AD 

Award Number:  W81XWH-04-1-0129 

TITLE:  Role of Nuclear Receptor Cofactors in Hormone Refractory- 
Prostate Cancer 

PRINCIPAL INVESTIGATOR:  Charlie D. Chen, Ph.D. 

CONTRACTING ORGANIZATION:  University of California, Los Angeles 
Los Angeles, California  90024 

REPORT DATE:  January 2 005 

TYPE OF REPORT:  Annual 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT: Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

20050407 HO 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 074-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of 
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY 
(Leave blank) 

2. REPORT DATE 
January 2005 

3. REPORT TYPE AND DA TES COVERED 
Annual (1 Jan 2004 - 31 Dec 2004) 

4. TITLE AND SUBTITLE 
Role of Nuclear Receptor Cofactors in Hormone Refractory- 
Prostate Cancer 

6. AUTHOR!S) 
Charlie D. Chen, Ph.D. 

5.  FUNDING NUMBERS 
W81XWH-04-1-0129 

7. PERFORMING ORGANIZATIONNAMEfS) AND ADDRESS(ES) 
University of California,   Los Angeles 
Los Angeles,   California     90024 

E-Mail:      chenc@ucla.edu 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9.   SPONSORING / MONITORING 
AGENCY NAMEfS) AND ADDRESSfES) 

U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

10. SPONSORING / MONITORING 
A GENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION / A VAILABILITY STA TEMENT 
Approved for Public Release; Distribution Unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 Words) 
Previously we discovered that a modest increase in androgen receptor (AR) expression is 
sufficient and necessary for hormone refractory (HR) prostate cancer progression. Together 
with published results of common AR overexpression in HR clinical tumor samples, our 
results indicate that AR overexpression is a cause for HR disease. We also demonstrated 
that the canonical transcriptional activity of AR is required in this process. Since the 
AR transcriptional function is mediated by nuclear receptor cofactors, we proposed to 
study their role in the HR progression. In the first year of study, we proposed to 
determine if chromatin remodeling or other functions of nuclear receptor cofactors are 
involved in the HR progression and if coactivators and corepressors are critical in this 
process. We unexpectedly discovered that blocking deacetylase activities inhibited AR 
activity, measured by endogenous PSA expression. This is in contrast to published data 
that deacetylase activities are transcriptionally inhibitory in exogenous reporter 
systems. We also demonstrated that TRß had no squelching effect on AR transcriptional 
activity, measured by endogenous PSA expression. Finally, we had developed ChIP assay to 
detect AR and Pol II associated with the PSA promoter 

14. SUBJECT TERMS 
Prostate cancer, androgen receptor, hormone refractory 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OFABSTRACT 

Unclassified 

15. NUMBER OF PAGES 
10 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



Table of Contents 

Cover 1 

SF298 2 

Table of Contents 3 

Introduction 4 

Body 4 

Key Research Accomplishments 10 

Reportable Outcomes 10 

Conclusions 10 

References. 

Appendices. 



INTRODUCTION 

Previously we discovered that a modest increase in androgen receptor (AR) expression is 
sufficient and necessary for hormone refractory (HR) prostate cancer progression. 
Together with published results of common AR overexpression in HR clinical tumor 
samples, our results indicate that AR overexpression is a cause for HR disease. We also 
demonstrated that the canonical transcriptional activity of AR is required in this process. 
Since the AR transcriptional function is mediated by nuclear receptor cofactors, we 
proposed to study their role in the HR progression. 

BODY 

Task 1. To determine if chromatin remodeling or other functions of nuclear receptor 
cofactors are involved in the HR progression and if coactivators or corepressors are 
critical in this process. 

1.1 To determine if chromatin remodeling or other functions of nuclear 
receptor cofactors are involved 

We have generated AR-overexpressed LNCaP cells (LN/AR) by a lentivirus system. 
AR expression in LN/AR cells was about 3-fold higher than in its parental cells (Figure 
1, lane 3 to 1). Owr-expressed AR maintained the property of the endogenous one 
because AR in LN/AR cells was also stabilized when a synthetic androgen R1881 was 
present (Figure 1, lane 2 to 1, and lane 4 to 3). 

Lane        12 3 4 

Figure 1. Engineered AR-overexpressed LNCaP cells by a lentivirus system. Western 
blot analysis of AR protein levels in LNCaP (lanes 1 and 2) or LN/AR (lanes 3 and 4) 
in the absence (lanes 1 and 3) or presence of 1 nM of R1881 (lanes 2 and 4). 

We hypothesized that TSA treatment will cause hormone sensitive LNCaP cells to 
become HR if deacetylase activities are responsible for preventing HR progression. To 
examine this hypothesis, LNCaP cells were treated with increasing doses of trichostatin 
A (TSA) in the absence or presence of R1881, and PSA expression was measured by 



western blot analysis as the readout for AR activity. In contrast to published reports, 
low doses (0.01 and 0.1 microM) of TSA treatment did not affect PSA expression 
because these doses did not cause accumulation of acetyl-histone 3 (Ac-H3) or cc- 
tubulin acetylation (Ac-a-Tubulin) (Figure 2a, lanes 1-3 and 5-7). LNCaP cells treated 
with 1 uM of TSA inhibited deacetylase activities as demonstrated by accumulation of 
Ac-H3 and Ac-a-Tubulin (Figure 2a, lanes 4 and 8). However, this treatment 
surprisingly inhibited PSA expression, which is completely opposite to the reported 
data that blocking deacetylase activities enhances AR transcription in exogenous 
systems. The inhibition of TSA on PSA production was confirmed by ELISA on 
secreted PSA (Figure 2b). 
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Figure 2. TSA inhibited AR transcriptional activity. A, Western blot analysis of PSA, 
Ac-a-tubulin, a-tubulin, and Ac-H3 levels in the absence (lanes 1-4) or presence (lanes 
5-8) of 1 nM of R1881 in LNCaP cells treated with different concentrations of TSA. B, 
Secreted PSA levels in LNCaP cells treated with vehicle or 1 uM of TSA with 
increasing concentrations of R1881. 

To determine if TSA-mediated inhibition of PSA is due to the endogenous native 
chromatin structure, we performed a reporter assay using a luciferase reporter 
controlled by four tandem repeats of AR-responsive elements (4ARE). Consistent with 
reported data, TSA treatment augmented the transcriptional activities of AR on the 
exogenous episomal reporter (Figure 3). 
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Figure 3. TSA stimulated AR-driven luciferase reporter. 

To determine if the inhibitory effect is peculiar to TSA, we treated LNCaP cells with 
another deacetylase inhibitor, sodium butyrate. Sodium butyrate also inhibited PSA 
expression, measured by western blot analysis (Figure 4). These results indicated that 
blocking deacetylase activities did not render hormone refractory phenotype and that 
deacetylase activities are required for AR transcriptional activity on endogenous genes. 
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Figure 4. Sodium butyrate inhibited AR transcriptional activity on an endogenous gene. 
Western blot analysis of PSA, Ac-a-Tubulin and a-Tubulin in the absence (lanes 1-3) 
or presence (lanes 46) of 1 nM of R1881 with different concentrations of sodium 
butyrate. 

1.2 To determine if coactivators or corepressors are critical in this process (4-7 
months) 

We have generated TRß overexpression in LNCaP and LN/AR cells by a lentivirus 
system. TRß expression in overexpressed lines are about 3-fold higher than its parental 
cells (Figure 5). 
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Figure 5. Engineered TRß-overexpressed LNCaP cells by a lentivirus system. Western 
blot analysis of TRß and AR protein levels in LNCaP (lanes 1 and 2) and LN/AR cells 
(lanes 3 and 4). 

We hypothesized that overexpressed TRß will titrate away corepressors and confer HR 
phenotype if the same corepressors for inhibiting AR activity are limited in prostate 
cancer. To test this hypothesis, we treated control and TRß overexpressed LNCaP cells 
with different doses of R1881 or with AR transcriptional inhibitor Casodex, and 
measured secreted PSA production by ELISA. AR overexpression stimulated PSA 
production in low concentration of R1881 (20 pM) (Figure 6b to 6a, vector). TRß 
overexpression did not significantly stimulate PSA production in LNCaP cells (Figure 
6a). Also, TRß overexpression did not result in de-repression of Casodex inhibition in 
LNCaP cells, but AR overexpression did (Figure 6b to 6a, vector). These data suggest 
that either corepressors are not limited factors in the progression of prostate cancer, or 
TRß and AR do not use the same corepressors. 
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Figure 6. Unliganded or liganded TRß effect on AR activity on an endogenous gene. A, 
LNCaP cells expressing control or TRß were treated with different concentration of 
Rl 881 or 10 uM and secreted PSA was measured by ELISA. B, LN/AR cells expressing 
control or TRß were treated with different concentration of Rl 881 or 10 uM of Casodex 
in the presence of T3, and secreted PSA was measured by ELISA. 

We also hypothesized that liganded TRß will titrated away coactivators and inhibit AR 
activity if the same coactivators for promoting AR activity are limited in HR prostate 
cancer. To test this hypothesis, we treated AR-overexpressed LNCaP cells (LN/AR) with 
different doses of R1881 or with Casodex, and measured secreted PSA expression by 



ELISA. Addition of a TRß ligand T3 to TRß over-expressed LN/AR did not significantly 
inhibit PSA expression in both low and high concentrations of R1881, or in the presence 
of Casodex (Figure 6b). These results suggest that coactivators are not limited, or 
liganded TRß and AR do not share the same coactivators in the progression of prostate 
cancer. 

To determine if exogenous TRß is functional, we measured the luciferase activity 
controlled by four tandem repeat of AR responsive elements (4ARE) in the presence or 
absence of T3. TRß enhanced the AR activity in this assay and the enhancement was 
diminished in the presence of T3 (Figure 7), consistent with reported data. These data 
suggest that TRß and AR share the same coactivators and corepressors in an episomal 
assay system. 
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Figure 7. Unliganded or liganded TRß affected AR transcriptional activity on an AR- 
driven exogenous luciferase reporter. 

Taken together, we concluded that AR-regulated genes with native chromatin structures 
have different regulation than episomal constructs. They employ a different set of nuclear 
receptor coregulators. 

Task 2. To examine cofactor complex changes when AR is overexpressed using 
chromatin immunoprecipitation (ChIP) assay to identify which cofactors are critical (8- 
16 months) 

We proposed to use ChIP to identify cofactors critical in the progression of prostate 
cancer. In the first year, we had optimized sonication and PCR condition for ChIP assay 
to detect AR or Pol II associated with the PSA promoter. In both control LNCaP or 
LN/AR cells, AR associates with the PSA promoter in the presence of agonists such as 
R1881 or DHT (Figure 8, lanes R and D), and also in the presence of antagonist Casodex 
(Figure 8, lanes B). In the control LNCaP cells, Pol II associates with the PSA promoter 
only in the presence of agonists, but not in the presence of antagonist Casodex. However, 
in AR overexpressed cells, Pol II associated with the promoter not only in the presence of 
agonists, but also in the presence of antagonist. These results suggest that AR 
overexpression converts an antagonist to an agonist to recruit Pol II to an AR-regulated 
promoter. 
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Figure 8. ChIP assay to detect AR and Pol II association with the PSA promoter in 
control (vector) or AR overexpressed LNCaP (AR) cells in the presence of vehicle (V), 
10 JJM of Casodex (B), 0.1 nM of Rl 881 (R), or 1 nM of DHT (D). 

KEY RESEARCH ACCOMPLISHMENT 

1. Demonstrated that blocking deacetylase activities by TSA or sodium butyrate 
inhibits AR transcriptional activity, measured by endogenous PSA expression. 

2. Demonstrated that TRß had no squelching effect on AR transcriptional activity, 
measured by endogenous PSA expression. 

3. Developed ChIP assay to detect AR and Pol II associated with the PSA promoter. 

REPORTABLE OUTCOMES 

None 

CONCLUSION 

In the first year of study, we proposed to determine if chromatin remodeling or other 
functions of nuclear receptor cofactors are involved in the HR progression and if 
coactivators and corepressors are critical in this process. We unexpectedly discovered 
that blocking deacetylase activities inhibited AR activity, measured by PSA expression. 
This is in contrast to published data that deacetylase activities are transcriptionally 
inhibitory in exogenous reporter systems. We also demonstrated that TRß had no 
squelching effect on AR transcriptional activity, measured by endogenous PSA 
expression. Finally, we had developed ChIP assay to detect AR and Pol II associated with 
the PSA promoter. 
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